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50tnVg. *WiC«0. l-2 0 0m : /g . IStC 
WW6C« 0. 5-120m'/g RO^SRJjnEE^LKiH 
^cS^^iS [ JSL/cWm?LEES5 0-3 0 0,00 
Onm. WJtctil 00-5 0 ,0 0 0 nm. fftCcWJ 
tctt 1 50 — 25,000n miWtif-*- FX« 
^&-F. SP^V^t-F, h'H-F. f-h^^-F 

a ) m?L^m^ 10-95%. 3 0-9 5%, 

WtC^JCCtt 5 0-9 5 J* sW^MS© 0 . 2-1 

b) St7LS«© 1 0-8 0%. WfJK«3 0-8 0%, 
fttCWJPJKfct 5 0-8 0 % ^±^m?LiES<0 0 . 8-1 

c) %&mm<Db 0-9 5%. *r#Jlt«7 0-9 5%. 
*&cWJKfcfc8 0-9 5%A^^7Lii:^0 . 2-1 

d) £i7UggW>5 0-8 0%, fW6 0-8 0°/o, 
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e) »?LTfffi^^©^^©flfS©tB**W«7liaa<0 
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[00151 *|^cc J:Stej«SH#Xtttt*«©^ 
*U-caS©tt, &#a) ib) X«a) tc) X«a) 
id) Xttb) ic) Xttb) id) X«C) i d ) # 

a) . b) Rtfc) . X«a> , b) St^d) , Xtt 
aK c) Jkltd) , X«b) . c> Rtfd) #|B]B*«: 

iajEsnrc^feo-c*^. #«cirw-c*S(Dtt. 4-? 

O^rO^a) , bK c}^d)**^J 
[0016] *^©fi4S»ffi(*X.»fl4Sa«» WT<D<£ 5 

tfr£t£/&#, ^^-CfiS^C) XB5trfiSf> 
C) . ;X^TfiS^A) *. XttfiS$xA> iC) » 
tc 4 80-2 5 0'C. ^JCCtil 0 0-2 2 0"C, #iC 
W^JiCii 1 2 0-2 0 0 X^SSiKSSO"^ B ) <D*" 'J 

t*jS*&. n-y>y. jfiftftSL. J¥ttiX«»tiJ 

/^«1J:0. ^ccmto^tc J; 0 . 1 2 0-2 5 0'C. 

40-2 2 ox. ^tcw^Jtc^i 50-20 
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o*cr^o5 0 0-2 0 0 o^*-;k ^f«JtCW6 0 0- 

1 8 oo^-;k ^Ftcw^JtcBT 00-16 0 o^-;u 

©E^-C^tSCiAiTeS. C<D«te, 4 0-16 
O'C, WJCCti6 0 — 1 5 0*C, ^:cWfiJ&U28 0— 1 
4 0 -C©S^aifi3E?i5«"SS-C©fiS^iS^. ffi^OgfS© 

s& m3i&, R«f*. a® 

[0017] 120-280 X, ^CCW^JiCti 18 0- 

2 o o'c-c-ra^^r o^^c mmzmz 

i *5 -c ^ 6 . 

[001.8] fiSfl5XS1S«:^6n/ci©iaJI5i*«, 3 0 
0 - 6 0 0 *C, W^JtCii 3 5 0 - 6 0 0 *C. IfCCgfiSf* 
0 0-6 0 0'C-C^gl, — MCC6 0 0 

20 - 1 4 0 0 "C. *r*jccs*6 0 0- 1 loot, ^tcw^J 
CC«6 0 0-8 0 OWWlitgift (SSO . 

(Ni. Ar, He) (N,/Hz. Ar/ 

H t ) rriu^-r^cioc^o, ^ene©^^ 

©S6S^L<i^:TS. 8 0 0'C-T|y^L//c^4© 
W^SB, — 1 - 8 k gr (8 0 0"C) , W*J«c« 
■ 1. 5-7 k g (8 0 0*C) . ^C^K(i2-6 k gr 

(8 0 0'C) -c*s. i i o o'crHtf^o^TOia 

30 ^CiS, 2 0 k gl r<D^]»rSS^J3t$nS- ®?KS 
B. HS6C0. 0 5-5ml/g.I»J0. 1-3 
mlA. ^C^JCCBO. l-lml/gt*40 

■a^sn^ar s c £ tc j: o x ) v J 2 *>? * c t 

K ^ KS^-entLbO^e- F) ©£uL7l1££r 

40 ?n?rMiST6C i^T'#<) 0 C<D^B, ^&fKR 7 Jl& 
fc^WSSHfe * S )S4ISffl ftB««: 

[0019] ^WCCjrSJrd^SftSC^ttiaoB ETJt 
-fflCCO. 0 1-2 5 0m I /g. W^JKt* 
0. l-150m l /g t «KWM(Cttl-l*0 0mV 
50 gr. ^vC2-8m 1 /g (8 0 0*C) T?*S. 
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[0020] ¥J4j3tfi-=ra«:, -usee. ^cc^cn<» 

no¥^7L^-SS6 v ^Th^-mtC3facna. ceo 

f-*jl< tt^*- K^+lSW**4*»j£TS 
COS Dr J vSltLXB -7 * nai7UK«: -fe * h "T £ C i # 

r. 

(0 02 1] £^c- K^te&fltt&tf ft^*f*fc^ = 
[0 0 2 2] ##^cS^£{£ffi£n£f##A) 

©wbh 1 **^ — ta-^-TiTife^^o — 3 o%. 

^^©8 0%. W*'JCCti9 0%, 1#tC 9 5 3*<Dffc 
-M-i&T, 5nm- 5 0 0, OOOnm. ISC»3 0 
0-lOO.OOOnm. ^6C^JCC« 5 0 0 — 5 0 , 0 

[0 02 3] S&^&J&S^A) 1*. &T©4>©"C** : 

ai/^A, ^»J3A, yjUH-^A, 
A. -Ov^A, $y-5A N -W^. >r;L.V^^A 4 
IS, 7>?*>, -teU>. XJL-Jt^. #OJ^A, T 

?A, y^V^A, *2A. -f'JS^A, 

m. $B. SIS. *K5^a. tKSR. ^*>^^a. 

A. &, SS. T>7 1 ^> 1 Sfc. -7 

£r;l/, ;l/7 : -^- r >A, DiX^A. A'^y^A, fi^e. P. 
IB. ffiSS, ^vF'^A, 5^£>. 
nr.-? A. ^7-^ A, -=-:*- :7\ £>£;k ^DA, ^ 
•J^X $>^f>. -te'J^AOSMt 

■JA, ^*'J^A, *-5J£. 7Jl>S-^A, >r-^. IS. 
7*>^>, h , ~ vTh. §1. W ? h M ^ A, 

5?PA. ^•J7'7 ? >. £>^*r>. -7>#><£>gS 
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II) ?C5R*$3ft. t;us-^a, 

A, *'J^A, -ir-f y;U^~^A, $S. IS. 

-bru>. f;u;u. #ar.^A. **^a, 
>j^A, i^x^P^^A, T*£^>. Sfe, n^JUb. 

A. Dv^^A, ^-7^*>A, tt^S^A, -f'Jy^. 

315. ffi. ffi^S. *F^A. *JR. X^7>vy 
«?A, -{7 h'J^A, 7>^>. T^^-^A. 
t/jl/=j^^A. ^^^^A, ^t'^A, 

r^^^^A, U-^A, -fe'^A. 77tt^A 
(O^JSR^^fe. WC. TiC. TaC, VCXt«*i 

^, i-s. as. 7>^>. -t2u>. ^' 7 '>' 

h, ^■•j J r^. -jr^ — ^.^ ^r;u, '/' : ?^ r ? a. iig. IS. 

20 ^A. ^t^A, ^UA, *-;>T 

7=>, ^>^^X> 1 -fe'J^A, WC. Ti 

WC-3;^h, TiC-3^> t 

vc-^^^hXB-eneco^^. ^ 

SIS. ^ y MJ'JA, -r-*'-'. ^3^7A, ^'7"V^ 

30 -7>**>. ^"C . T i C T a C. VC<?)^ 

Cf#&X»-e*i6©S^I» WC-a^h, TiC- 

in) flftcH.so,. H 3 po n hno 3 s^ 

f-a^M, '^fA, tHJ^A, ^'J7A, ;l/t'y^ 

A, A. 77>^7A, ^'J'JfA, V^^i>r7 

A, ^;U'>^A, J^HO^'JA, A. 

r;U5^>j7A, A'«J<7A, ^>v?^A, f'J'JA -ir-f 
^ k yj^i-JA, $S. SS, t3ft. T>^^>- t*^^ 

;U^^.^A 4 Pi/'i'A, ^*-7^^A. ^i7A, -f 'J 
i?-5A, S^, ^. IB. ^. ffiiS. ^h'SOA, tKIB : 

**7>^a, -Y^h'JOA, -7>*>. r^^^^ 

A, ^^>. ^^-7A, ^7-^A, ^'ty^A, 

-7>^*>. r^^^^A, U-^A. -by-JA. 7" 

^n^o^^K*. Kaffi. ^-<KJa. was. 
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*- % % y>{t«s, tft^, »St%. TH2^;ur-feh>^ 

>®1£. 7>*'>glg, U-^ABM. ASS 

Afb^^-a-ensots^. *r#K«:y *$a. h 

a. is. i3. t5R, r>^>. tr*-7*. -fe 

;u K — y-irju. -7*-— -j^K ;i/x^^A, DV 1 ? 

A. A^S^A, ^-^S^A. 'Jv-^A. ^. 
£8. SaS. -Y^hU^A, 7>^>. ^ 

tj ^X>. £>y*^>. -7>*7>, U^^A, -feV'? 

a, -en^<oig^3/p65aiRc.ti5^Eis. Xii^ne© 

i&, Agtfa, ^y^f^Klg. y 

□ Ait, BMblfc. TkBHtlSK ^oy^fcigS. SMbfc. 

n6or>^^OA^t^9X«-e^6o-s^, ^tt^r 

^JfCU'J^^A, ^HJ^A, ^7'J^A. Hz*>£A, V 

y*v5A. #jI^>^a, ^hn>^^A, a»j^a, 
7;^-0a. y-f«, ffi. t3S.'7>**>, tr 

n/^;Uh, x-^Jk ;Uf*— ^A t 

a, /^y-jA, a^. ss, ms* ^£>. isfr^ 

l^, -A^i^A. £>£Jk ^cia. -ty 

y-r>, *>y*?-x -7>*'>, -tru^A. -ene><D 
ig^^fcatRSft^^JS. xtt-e*-i6<E>^&&. y-r 

is, x^ygtfa, ^nAgfia. mtm. frmvfa. 

y^tft, SMb^ ^ftm, *Hb*J. rn6©7>^^ 
C0 02 4 } W^KCtt, ^JSi 0t{J7Jl * A. 

& % ^ih. ~?yjk ^'7^^. a^, 33, *s. 

ftlfflSSiOtBAl.O,. MgO. SiO„ Ti 
O,. Y t O Jt ZrO„ ZnO, Fe.O^ CoO. C 
0,0,, Cr,0„ NiO. B.O,, Ce.O,. CeO 
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1. Title of Invention 

Monomodal or polymodal catalyst suppon or catalyst, process for the manufacture 
thereof, and process for the preparation or chlorine 

2. Claims 

1. A monomodal or polymodal catalyst support or catalyst having a BET 
specific surface area of from 0.01 to 250 m 2 /g and a monomodal or 
polymodal pore size distribution having a mean pore diameter of from 
50 to 300,000 nm measured by the mercury pressure porosimetry 
method, wherein 

a) from 10 to 95 % of the pore volume is at irom 0.2 to 100 times 
the mean pore diameter and/or 

b) from 10 to 80 % of the pore volume is at from 0.8 to 100 times 
the mean poTe diameter and/or 

c) from 50 to 95 % of the pore volume is at from 0.2 to 1 times 
the mean pore diameter and/ or 

d) from 50 to 80 % of the pore volume is at from 0.8 to 1 times 
the mean pore diameter and 

e) the width at half height of the pore size distribution is less than 
0.6 times the mean pore diameter. 

2. A process for producing a monomodal or polymodal catalyst support or 
catalyst as defined in claim 1. produced by shaping a mixture of 



A) from 15 to 70 % by volume of 
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I) an inorganic powder selected from the group of oxides, nitri- 
des, carbides, silicates, aluminosilicatcs of the elements berylli- 
um, magnesium, calcium, strontium, barium, boron, aluminum, 
gallium, indium, thallium, silicon, gerasanhim, tin, lead, anti- 
mony, selenium, tellurium, polonium, astatine, iron, cobalt, 
nickel, ruthenium, rhodium, palladium, osmium, iridium, 
platinum, copper, silver, gold, zinc, cadmium, mercury, scan- 
dium, yttrium, lanthanum, actinium, titanium, zirconium, hafni- 
um, vanadinrum, niobium, tantalum, chromium, molybdenum, 
tungsten, manganese, technetium, rhenium, cerium, praseodymi- 
um or mixtures thereof and/or 

U) a metallic powder selected from among metals and alloys of 
the elements boron, aluminum, gallium, indium, thallium, 
silicon, germanium, tin, lead, antimony, selenium, tellurium, 
polonium, neodymium, samarium, dysprosium, astatine, iron, 
cobalt, Raney cobalt, nickel, Raney nickel, ruthenium, rhodi- 
um, palladium, osmium, iridium, platinum, copper, silver, 
gold, zinc, cadmium, mercury, scandium, yttrium, lanthanum, 
actinium, titanium, zirconium, hafnium, vanadinium, niobium, 
tantalum, chromium, molybdenum, tungsten, manganese, tech- 
netium, rhenium, cerium, praseodymium, WC, TiC, TaC, VC 
or mixtures thereof, WC-cobalt, TiC^obalt, TaC-cobalt, VC- 
cobalt or mixtures thereof and also carbon and/or 

HJ) an active component selected from the group of the inorganic 
acids, the metals selected from among lithium, sodium, potas- 
sium, rubidium, cesium, francium, beryllium, magnesium, 
calcium, strontium, barium, boron, aluminum, gallium, indium, 
thallium, silicon, germanium, tin, lead, arsenic, antimony, 
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bismuth, selenium, tellurium, polonium, astatine, iron, cobalt, 
Raney cobalt, nickel, Raney nickel, ruthenium, rhodium, 
palladium, osmium, iridium, platinum, copper, silver, gold, 
zinc, cadmium, mercury, scandium, yttrium, lanthanum, actini- 
um, titanium, zirconium, hafnium, vanadinium, niobium, tanta- 
lum, chromium, molybdenum, tungsten, manganese, techneti- 
um, rhenium, cerium, praseodymium, mixtures thereof, or 
their borates, carbonates, silicates, nitrates, phosphates, arsena- 
tes, antimonates, bismuthates, sulfates, sclenates. tcllurates, 
vanadates, molybdates, niobatcs, chro mates, oxides, hydroxides, 
haiides, sulfides, sclenidcs, teUurides, nitrides, phosphides, 
arsenides, acetates, acetylacctonates, palladates, platinaies, 
cyanides, thiocyanates, manganates, rhenates, osmates, carbi- 
des, silicides, borides, their ammonium compounds or their 
mixtures and/ or 

IV) an organic powder selected from the group Teflon or polyimi- 
de 

B) from 30 to 85 % by volume of a polyethylene or polypropylene 
polymer or of a copolymer of ethylene, propylene, 1-butene or 
isobutene or of a polystyrene copolymer or of a polymethyl metha- 
crylate copolymer or of a polyethylene oxide copolymer or of an 
ethylene- vinyl acetate copolymer or of a mixture of 

B x ) from 50 to 100 % by weight of a polyoxymethylene homopo- 
lymer or copolymer and 

B 2 ) from 0 to 50 % by weight of a polymer homogeneously dis- 
solved in Bj) or dispersed in B T ) at a mean particle size of 
less than 1 /xm and 
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C) from 0 to 15 % by volume of a dispersant, 

removing the binder by pyro lysis at from 300 to 600 °C and subsequent 
prcsintcring at from 600 to 1400°C and, if desired, applying active 
components HI to the component A) or to the presiniered composition 
by single or multiple steeping, impregnation, spray impregnation, preci- 
pitating on, hicoating, washcoating or spray drying, wherein the catalyst 
support or catalyst after the pyrolytic removal of the binder has a BET 
specific surface area of from 0.01 to 250 m 2 /g and a pore size dis- 
tribution of from 50 to 300,000 ran measured by the mercury pressure 
porosirnetry method. 

3. Use of the monomodal or polymodal catalyst supports or catalysts as 
claimed in claim 1 for preparing chlorine from hydrogen chloride in a 
non-steady-state Deacon process, for the reaction of etbylbenzene to 
give styrene in a non-steady- state oxydehydroge nation, for preparing 
aziridine from ethanolaniine, for the reaction of trimethylcyclohexenone 
to give trimethylphenol, in' reductions, hydrogenations, oxidations, 
dehydrogenations, acid- or base-catalyzed reactions or reactions in a 
fluidized bed, for removing combustion residues from diesel exhaust 
gases and for removing NO x from waste gases, in bioreactors together 
with bacteria and as biocatalyst supports with immobilized enzymes or 
microbes. 
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3. Detailed Explanation of the Invention 
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The present invention relates to catalyst supports and 1 catalysts having a 
narrow pore size distribution, a process for their production and their uses. 

US-A-5, 191,144 discloses zeolites having a very uniform pore size from 0.2 
to 1 cm which can be varied in the micropore range (< 2 nm), produced 
by bydrouiennal synthesis. Owing to the low pore size, the size of molecu- 
les which can be reacted is restricted. Since an Si0 2 binder is used in 
zeolites, these zeolites are stable only to 700 °C and not chemical-resistant 
above 4O0°C, and their mechanical stability is poor. In addition, the zeolites 
have very acid surfaces, which limits their use to acid-catalyzed reactions. 

Chem. Ind., 10 (1993) 48-49 discloses a process for producing catalyst 
supports in the mesopore range (from 2 to 50 nm) from pyrogenic oxides 
(Si0 2 , A1 2 0 3 , Ti0 2 , Zr0 2 ) by reacting the halides in an oxyhydrogen 
flame. The pore sizes of the supports are from 10 to 70 nm, with no pores 
being formed in the range less than 8nm. However, the pore distributions 
arc broad. 

Chem. Ing. Tech.. 56 (1984) 455-463 discloses melamine as macroporc 
former. However, pyrolysis leads to crack formation. 

US- A-3 ,755,204 discloses porous ceramic bodies produced by shaping a 
mature of ceramic powder, a polyolefin (polyethylene copolymer) and a 
plasticizer (mineral oil, diethylene glycol, polyvinyl alcohol, polyvirrylpyrroli- 
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done), pyrolysis and sintering. The cracks occurring in the ceramic body 
during pyrolysis can be avoided by extraction of the plasticizer with aqueous 
surfactant solutions (DE-A-24 59 475). These are ceramic honeycomb bodies 
in which the open pores are introduced as channel structures by the thermo- 
plastic shaping . 

DE-A-24 59 475 discloses a process for producing shaped porous metal 
structures in which a mixture of metal powder, polyolefin and a plasticizer 
is compounded and the plasticizer is leached from the mixture using a 
solvent prior to pyrolysis. 

DE-A-41 20 687 discloses porous sintered parts of metal or ceramic, pro- 
duced using a polyolefin, a plasticizer and an additive which is not miscible 
with the binder system. The additive is a vinylaromatic copolymer based on 
polystyrene which is introduced at a particle size of from 20 to 250 as 
a spacer berween the metal or ceramic panicles. Variation of the additive 
particle size enables different but unspecified pore sizes to be produced. The 
pore size distribution is bimodal and broad, since the pores are formed, on 
the one hand, by the particle size distribution of the additive and on the 
other hand by the interstitial spaces berween the metal or ceramic particles. 

EP-A-446 708 discloses the production of dense metallic shaped parts and 
EP A A AA 475 discloses the production of dense ceramic shaped bodies via 
the shaping of thermoplastic compositions. 

EP-A-413 231 discloses a process for producing dense inorganic sintered 
shaped parts, in which green bodies of sinterable powders and polyoxyme- 
thylene or a copolymer containing a predominant proportion of oxymcthylene 
units as binder are shaped by extrusion or injection molding. The binder is 
removed quickly, without cracking and without distortion from these green 
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parts by treatment with a gaseous acid or boron trifluoride. The binder-free 
porous parts have a very low mechanical stability and arc sintered to full 
density. This route is used to produce dense, ceramic or metallic structural 
materials or functional materials having a complicated shape, which are not 
suitable as catalyst supports or catalysts. 

Sinterable organic polymers such as Teflon (EP-A-513 500), polyimide or 
unplasticizable polymers (EP-A-517 025) can also be processed into dense 
components using this production method. 

It is known from DE-A-41 20 687 that it is very difficult to reproducibly 
produce mechanically stable parts having a constant pore distribution from 
very fine metal or ceramic powders (particle size about 1 /im) using the 
known processes. 

It is an object of the invention to provide a solution to the abovementioned 
drawbacks. 

We have found that this object is achieved by novel and improved mono- 
modal or polymodal catalyst supports or catalysts having a BET specific 
surface area of from 0.01 to 250 nrVg . and a monomodil or polymodal 
pore size distribution having a mean pore diameter of from 50 to 300 . COO 
nm measured by the mercury pressure porosimetry method, wherein 

a) from 10 to 95 % of the pore volume is at from 0.2 to 100 times the 
mean pore diameter and/or 



b) from 10 to 80 % of the pore volume is at from 0.8 to 100 times the 
mean pore diameter and/or 
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c) from 50 to 95 % of the pore volume is at from 0.2 to 1 times the 
mean pore diameter and/or 

d) from 50 to 80 % of the pore volume is at from 0.8 to 1 times the 
mean pore diameter and 

e) the width at half height of the pore size distribution is less than 0.6 
times the mean pore diameter, and also 

a process for their production by shaping a mixture of 

A) from 15 to 70 % by volume of 

I) an inorganic powder selected from the group of oxides, nitrides, carbi- 
des, silicates, aluminosilicates of the elements beryllium, magnesium, 
calcium, strontium, barium, boron, aluminum, gallium, indium, thalli- 
um, silicon, germanium, tin, lead, antimony, selenium, tellurium, 
polonium, astatine, iron, cobalt, nickel, ruthenium, rhodium, palladium, 
osmium, iridium, platinum, copper, silver, gold, zinc, cadmium, mercu- 
ry, scandium, yttrium, lanthanum, actinium, titanium, zirconium, hafni- 
um, vanadium, niobium, tantalum, chromium, molybdenum, tungsten, 
manganese, technetium, rhenium, cerium, praseodymium or mixtures 
thereof and/or 

II) a metallic powder selected from among metals and alloys of the ele- 
ments boron, aluminum, gallium, indium, thallium, silicon, germanium, 
tin, lead, antimony, selenium, tellurium, polonium, neodymium, samari- 
um, dysprosium, astatine, iron, cobalt, Raney cobalt, nickel, Raney 
nickel, ruthenium, rhodium, palladium, osmium, iridium, platinum, 
copper, silver, gold, zinc, cadmium, mercury, scandium, yttrium. 
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lanthanum, actinium, titanium, zirconium, hafnium, vanadium, niobium, 
tantalum, chromium, molybdenum, tungsten, manganese, technetium, 
rhenium, cerium, praseodymium, WC. TrC. TaC, VC or mixtures 
thereof, WC-ctibalt. TiC-cobalt, TaC-cobalt, VC^obalt or mixtures 
thereof aod aJsc carbon and/ or 

m) an active component selected from the group of the inorganic acids, the 
metals selected from among lithium, sodium, potassium, rubidium, 
cesium, francium, beryllium, magnesium, calcium, strontium, barium, 
boron, alurnmum, gallium, indium, thallium, silicon, gennamum, tin, 
lead, arsenic, antimony, bismuth, selenium, tellurium, polonium, astati- 
ne, iron, cobalt,' Raney cobalt, nickel, Rancy nickel, ruthenium, rhodi- 
um, palladium, osmium, iridium, platinum, copper, silver, gold, zinc, 
cadmium, mercury, scandium, yttrium, lanthanum, actinium, titanium, 
zirconium, hafnium, vanadium, niobium, tantalum, chromium, molybde- 
num, tungsten, manganese, technetium, rhenium, cerium, praseodymium, 
mixtures thereof, or their borates, carbonates, silicates, nitrates, 
phosphates, arsenates, antimonates, bismuthates, sulfates, selenates, 
Curates, vanadates, molybdates, niobates, chromates, oxides, hydroxi- 
des, halides, sulfides, selenides, . tellurides, nitrides, phosphides, arseni- 
des, acetates, acetylacetonates, palladates, platinates, cyanide, thiocyana- 
tes, manganates, rbenates, osmates, carbides, siiicides, Sondes, their 
ammonium compounds or their mixtures and/or 

IV) an organic powder selected from the group Teflon or polyimide 

B) from 30 to 85 % by volume of a polyethylene or polypropylene poly- 
mer or of a copolymer of ethylene, propylene, 1-butene or isobutene 
or of a polystyrene copolymer or of a polymethyl methacrylate copoly- 
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mcr or of a polyethylene oxide copolymer or of an ethylene- vinyl 
acetate copolymer or of a mixture of 

Bj) from 50 to 100 % by weight of a polyoxymethylene homopolymer 
or copolymer and 

B2) from 0 to 50 % by weight of a polymer homogeneously dissolved 
in Bj) or dispersed in B x ) at a mean particle size of less than 1 
yim and 

O from 0 to 15 % by volume of a dispersant, 

removing the binder by pyrolysis at from 400 to 600 °C and subsequent 
prcsintering at from 600 to 1400 °C and, if desired, applying active compo- 
nents HQ to the component A) or to the presiniered composition by single 
or multiple steeping, impregnation, spray impregnation, precipitating on, 
hicoating, washcoaring or spray drying, wherein the catalyst support or 
catalyst after the pyrolytic removal of the binder has a BET specific surface 
area of from 0.01 to 250 mrVg and a pore size distribution of from 50 to 
300,000 nm measured by the mercury pressure porosimetry method, and 
also their .use for preparing chlorine from hydrogen chloride in a non- 
steady- state Deacon process, for the reaction of ethylbenzene to give styrene 
in a non-steady-state oxydehydrogenation, for preparing aziridine from 
ethanolamine, for the reaction of trimethylcyclohexenone to give trimethylp- 
henol, in reductions, hydrogenations, oxidations, dehydrogenations, acid- or 
base-catalyzed reactions or reactions in a fluidized bed, for removing, com- 
bustion residues from dicscl exhaust gases and for removing NO x from 
waste gases, in bioreactors together with bacteria and as biccaralyst supports 
with immobilized enzymes or microbes. 
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The catalyst supports or catalysts of the present invention are preferably not 
zcolitic and have a BET specific surface area of from 0.01 to 250 nrVg, 
preferably from 0.1 to 200 nr/g, particularly preferably from 0.5 lo 120 
nrVg, and a monomodal or a polymodal, ie. a bimodal, tnmodal, tetramodal 
or higher- modal, preferably a bimodal, trimodal or terxamodal, particularly 
preferably a bimodal or oimodal, pore size distribution having a mean pore 
diameter of from 50 to 300,000 am, preferably from 100 to 50,000 nm, 
particularly preferably from 150 to 25,000 nm, measured by the mercury 
pressure porosimetry method and 

a) from 10 to 95 %, preferably from 30 to 95 % 7 particularly preferably 
from 50 to 95 %, of the pore volume is at from 0.2 to 100 times the 
mean pore diameter and/or 

b) from 10 to 80 %, preferably from 30 to 80 %, particularly preferably 
from 50 to 80 % t of the pore volume is at from 0.8 to 100 times the 
mean pore diameter and/or 

c) from 50 to 95 %, preferably from 70 to 95 %, particularly preferably 
from 80 to 95 %> of the pore volume is at from 0.2 to 1 times the 
mean pore diameter and/or 

d) from 50 to 80 %, preferably from 60 to 80 %, particularly preferably 
from 65 to 80 %, of the pore volume is at from 0.8 to 1 times the 
mean pore diameter and 

e) the width at half height of .the pore size distribution is less than 0.6 
times, ie. from 0.001 to 0.59 times, preferably from 0.005 to 0.4 
times, particularly preferably from 0.1 to 0.35 times, the mean pore 
diameter. 
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Among the catalyst supports or catalyls of the present invention, preference 
is given to those in which the conditions a) and b) or a) and c) or a) and 
d) or'b) and c) or b) and d) or c) and d) arc simultaneously met, particu- 
lar preference is given to those in which the conditions a), h) and c) or a), 
b) and d) or a), c) and d) or a), c) and d) or b) t c) and d) are simultane- 
ously met, particularly preferably those catalyst supports or catalysts in 
which all four conditions a), b), c) and d) are simultaneously met. 

The catalyst supports or catalysts of the invention can be produced as 
follows: 

In a mixing apparatus, preferably provided with heating, for example a 
kneader, an extruder or a shearing roller extruder, the component A), the 
inorganic, metallic, organic powders and/or the active components and then 
the dispcrsant of component C) or first component Q and then component 
A) or the components A) and C) together can be added to the polymer of 
component B) in the molten state at from 80 to 250 *C, preferably from 
100 to 220 °C, particularly preferably from 120 to 200°C. The intimately 
(intensively) mixed compositions can be shaped, for example, by granulating, 
pressing, rolling, continuous casting, extrusion or injection molding, in 
particular by injection molding at from 120 to 250 °C, preferably from 140 
to 220°C, particularly preferably from 150 to 200°C, and pressures of from 
500 to 2000 bar, preferably from 600 to 1800 bar, particularly preferably 
from 700 to 1600 bar. Here, in a shaping step at injection molding tool 
temperatures of from 40 to 160 Q C, preferably from 60 to 150 °C, particular- 
ly preferably from 80 to 140°C, it is possible to produce catalyst supports 
or catalysts of any desired shape as a bed of individual parts or as mono- 
lith in the form of for example Raschig rings, saddles, star rings, perfora- 
ted and/or ribbed geometric bodies such as rings, spheres, cuboids, cubes, 



cones, pyramids, prisms, octnhedra, cylinders, truncated pyramids and 
truncated cones, generally without further shaping. 

Wagon wheel profiles, honeycomb profiles and window frame profiles can 
be extruded to form monoliths at from 120 to 280°C, particularly preferably 
at from 180 to 200° C. 

The green bodies obtained after the shaping procedure can be treated by 
pyrolysis at from 300 to 600"C, preferably from 350 to 600 °C f particularly 
preferably from 400 to 600 °C, and be converted by subsequent presintering, 
generally at from 600 to 1400°C, preferably from 600 to 1100°C f particu- 
larly preferably at from 600 to 800°C, under oxidizing conditions (air), 
inert gas (N 2 , Ar, He) or reducing conditions CVH^ Ar/H 2 ) into the 
catalyst supports or catalysts having their final strength and pore distribu- 
tion. The presintering process generally considerably increases the stability 
and the hardness of the porous shaped bodies. The cutting hardness of the 
specimens presintered at 800°C is generally from 1 to 8 kg (B00°C), 
preferably from 1.5 to 7 kg (800°Q, particularly preferably from 2 to 6 kg 
(800 °C). In the case of specimens pre-sintered at 1100°C, cutting hardnesses 
of up to 20 kg are achieved. The water absorption is generally in the range 
from 0.05 to 5 ml/g, preferably from 0.1 to 3 ml/g, particularly preferably 
from 0.1 to 1 ml/g, so that more active component can be applied to a 
catalyst support of the present invention, generally without significant impair- 
ment of the hardness. By means of the calculated active component uptake, 
the catalysts can readily be recycled after use by reimpregnation with the 
active components. Besides strictly monomodal pore size distributions, it is 
also possible to produce polymodal (bimodal. trimodal, tetramodal and 
higher-modal) pore size distributions in this way. This process enables 
catalyst supports and catalysts having a high strength and a high thermal or 
chemical stability to be produced. Conceivable geometries of the shaped 
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bodies arc all shapes which can be produced by granulation, rolling, pres- 
sing, extrusion or injection molding. The shaped bodies can be used in 
catalytic reactions as loose material or in the form of monoliths. 

The BET specific surface areas of the catalyst supports and catalysts of the 
present invention are generally from 0.01 to 250 mrVg, preferably from 0.1 
to 150 irxVg, particularly preferably from 1 to 100 m 2 /g, in particular from 
2 to 8 nrVg (800°C). 

The mean pore size is generally determined by the particle size of compo- 
nent A), the inorganic, metallic, organic powders and/or the active compo- 
nents, only by means of the interstitial spaces between the powder particles 
used. The mean pore size and the pore size distribution therefore depend on 
the mean particle size and the particle size distribution of the powder used. 
Commercially available metal or ceramic powders enable mechanically stable, 
crack-free, monomodal or polymodal porous materials . such as me catalyst 
supports or catalysts of the present invention, to be produced in this way. 
The narrow pore size distribution can thus be set in the mesopore or 
macTopore range depending on requirements and generally leads to a highly 
monodisperse pore distribution. 

In case a polymodal catalyst support or catalyst are to be obtained, a- 
powder having a polymodal particle size distribution or having internal 
porosity is used. 

The mean particle size of the powder of component A) used according to 
the invention can generally be a nanocrystalline powder of from 5 run to 
500,000 nm, preferably from 300 nm to 100,000 nrn, particularly preferably 
from 500 nm to 50,000 nm, with the panicle size cf 80 %, preferably 90 
%, particularly preferably 95 %, of the particles deviating by from 0 ( to 30 
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% t preferably from 0 to 20 %, particularly preferably from 0 to 10 %, 
from the mean particle size- 



Suitable components A) are: 



I) an inorganic powder selected from the group of oxides, nitrides, carbi- 
des, silicates, alumino silicates of the elements beryllium, magnesium, 
calcium, strontium, barium, boron, aluminum, gallium, indium, thalli- 
um, silicon, germanium, tin, lead, antimony, selenium, tellurium, 
polonium, astatine, iron, cobalt, nickel, ruthenium, rhodium, palladium, 
osmium, iridium, platinum, copper, silver _gold, ziiic, cadmium, mercu- 
ry, scandium, yttrium, lanthanum, actinium, titanium, zirconium, hafni- 
um, vanadium, niobium, tantalum, chromium, molybdenum, tungsten, 
manganese, technetium, rhenium, cerium, praseodymium or tneir mixtu- 
res, preferably oxides, nitrides, carbides, silicates of the elements 
magnesium, calcium, strontium, barium, boron, aluminum, silicon, tin, 
' lead, antimony, iron, cobalt, nickel, ruthenium, rhodium, palladium, 
platinum, copper, silver, gold, zinc, yttrium, lanthanum, titanium, 
zirconium, vanadium, niobium, tantalum, chromium, molybdenum, 
tungsten, manganese, cerium or their mixtures, particularly preferably 
oxides, nitrides, carbides of the .elements magnesium, calcium, stronti- 
um, barium, boron, aiurninum. silicon, "tin, antimony, iron, cobalt, 
nickel, copper, yttrium, titanium, zirconium, vanadium, niobium, tanta- 
lum, chromium, molybdenum, tungsten, manganese or mixtures thereof, 

ID a metallic powder selected from among metals and alloys of the ele- 
ments boron, aluminum, gallium, indium, thallium, silicon, germanium, 
tin, lead, antimony, selenium, tellurium, polonium, neodymium, samari- 
um, dysprosium, astatine, iron, cobalt, Raney cobalt, nickel, Raney 
nickel, ruthenium, rhodium, palladium, osmium, iridium, platinum, 
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copper, silver, gold, 2inc, cadmium, mercury, scandium, yttrium, 
lanthanum, actinium, titanium, zirconium, hafnium, vanadium, niobium, 
tantalum, chromium, molybdenum, tungsten, manganese, technetium, 
rhenium, cerium, praseodymium, WC, TiC, TaC, VC or mixtures 
thereof, WC-cobalt T TiC-cobalt, TaC-cobalt, VC-cobalt or mixtures 
thereof and also carbon, preferably metals and alloys of the elements 
boron, aluminum, silicon, tin, lead, antimony, selenium, neodymium, 
saniarium, dysprosium, iron, cobalt, Raney cobalt, nickel, Raney nickel, 
palladium, platinum, copper, silver, gold, zinc, yttrium, lanthanum, 
titanium, zirconium, vanadium, niobium, tantalum, chromium, molybde- 
num, tungsten, manganese, cerium, WC, TiC, TaC, YC or mixtures 
thereof, WC -cobalt, TiC-cobalt, TaC- cobalt, VC-cobalt or mixtures 
thereof and also carbon, particularly preferably metals and alloys of the 
elements boron, aluniinum, silicon, tin, neodymium, samarium, dys- 
prosium, iron, cobalt, Raney cobalt, nickel, Raney nickel, copper, zinc, 
yttrium, titanium, zirconium, vanadium, niobium, tantalum, chromium, 
molybdenum, tungsten, manganese, WC, TiC, TaC, VC or mixtures 
thereof, WC-cobalt, TiC-cobalt, TaC-cobalt, VC-cobalt or mixtures 
thereof, 

DI) an active component selected from the group of the inorganic, acids, in 
particular H 2 S0 4 , H3PO4, HN0 3 and heteropolyacids, the metals selec- 
ted from among lithium, sodium, potassium, rubidium, cesium, franci- 
um, beryllium, magnesium, calcium, strontium, barium, boron, alumi- 
num, gallium, indium, thallium, silicon, germanium, tin, lead, arsenic, 
antimony, bismuth, selenium, tellurium, polonium, astatine, iron, cobalt, 
Raney cobalt, nickel, Raney nickel, ruthenium, rhodium, palladium, 
osmium, iridium, platinum, copper, silver, gold, zinc, cadmium, mercu- 
ry, scandium, yttrium, lanthanum, actinium, titanium, zirconium, hafni- 
um, vanadium, niobium, tantalum, chromium, molybdenum, tungsten, 
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manganese, technetium, rhenium, cerium, praseodymium, their mixtures 
or their borates, carbonates, silicates, nitrates, phosphates, arsenates, 
antimonates. bismuthates, sulfates, selenatcs, tcUurates, vanadates, mo- 
lybdates, niobates, core-mates, oxides, hydroxides, halides, sulfides, 
selenides, tcllurides. nitrides, phospbides, arsenides, acetates, acerylace- 
tonates, palladates, platinates, cyanides, thiocyanates, manganates, rhena- 
tes, osmates, carbides. silirides, borides, their ammonium compounds or 
their mixtures, preferably metals selected from among lithium, sodium, 
potassium, cesium, magnesium, calcium, strontium, barium, boron, 
aluminum, silicon, tin, lead, arsenic, antimony, bismuth, selenium, 
tellurium, polonium, iron, cobalt, Raney cobalt, nickel, Raney nickel, 
ruthenium, rhodium, palladium, osmium, iridium, platinum, copper, 
silver, gold, zinc, yttrium, lanthanum, titanium, zirconium, vanadium, 
niobium, tantalum, chromium. ' molybdenum, tungsten, manganese, 
rhenium, cerium. Stair mixtures or their borates, carbonates, silicates, 
nitrates, phosphates, arsenates, antimonates, bismuthates, sulfates, selena- 
tes, vanadates, molybdates, niobates. chromates, oxides, hydroxides, 
halides, sulfides, selenides, teUurides, nitrides, phosphides, arsenides, 
acetates, acerylacetonates, palladates, platinates, manganates, carbides, 
silicides. borides, their ammonium compounds or their mixtures, parti- 
cularly preferably metals selected from among lithium, sodium, potassi- 
• urn, cesium, magnesium, calcium, strontium, barium, aluminum, silicon, 
tin, lead, arsenic, antimony, bismuth, iron, cobalt, nickel, ruthenium, 
rhodium, palladium, platinum, copper, silver, zinc, titanium, zirconium, 
vanadium, niobium, tantalum, chromium, molybdenum, tungsten, manga- 
nese, cerium, their mixtures or their carbonates, silicates, nitrates, 
phosphates, arsenates, antimonates. bismuthates, sulfates, vanadates, 
molybdates, niobates. chromates. oxides, hydroxides, halides, sulfides, 
nitrides, carbides, their ammonium compounds or their matures. 
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Preferably, as metals one selected from the group of aluminium, iron, 
cobalt, nickel, palladium, platinum, copper, silver, molybdenum, zinc, 
titanium, zirconium, tungsten, niobium, chromium and carbon, as 
inorganic powder one selected from the group of AljC^, MgO, Si0 2 , 
Ti0 2 , Y 2 0 3 , Zr0 2 , ZnO, Fe 3 0 4 , Fe^, CoO, Co^Og, Cr 2 0 3 , NiO, 
B^, Ce^, Ce0 2 , Pr 2 0 3 , B 4 C, SiC, WC, TiC, TaC, SigN^ A1N, 
BN, UN and ZrN, or a mixture of two or more thereof, more prefe- 
rably, as metals one selected from the group of iron, cobalt, nickel, 
chromium, molybdenum and titanium, as inorganic powder one selected 
from the group of SiC, Si 3 N 4j BN, B 4 C, WC, TiC, TiN, ZrN and 
~ A1N, or a inixture of two or more thereof, and in particular as in- 
organic powder SiC, Si 3 N 4 or a mixture thereof arc used. 

If unsupported catalysts are to be produced, the component A) consists only 
of active components EDO and, if desired, IV), an organic powder selected 
from the group Teflon or polyimide. 

Suitable components B) are: 

Polyethylene or polypropylene polymers or copolymers of ethylene, propyle- 
ne, 1-butene or isobutene or polystyrene copolymers or polymethyl metha- 
crylate copolymers, or polyethylene oxide copolymers or ethylene- vinyl 
acetate copolymers or mixtures of 

B x ) from 50 to 100 % by weight, preferably from 70 to 90 % by 
weight, particularly preferably from 80 to 88 % by weight, of a 
polyoxymethylene homopolymer or copolymer as is known from 
EP-A-444 475 and 

B-) from 0 to 50 % by weight, preferably from 10 to 30 % by 
weight, particularly preferably from 12 to 25 % by weight, of a 
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polymer homogeneously dissolved in Bl) or dispersed in Bl) at a 
mean particle size of less than 1 /im, preferably poly-l,3-dioxola- 
nc, poly-l,3-dioxane, poly-l,3-dioxcpane, particularly preferably 
poly- 1 ,3-dioxepane. 

The organic binder can also comprise mixtures of one or more thermoplastic 
resins such as polyacetaJ, polyethylene, polypropylene, polystyrene, polyme- 
thyl methacrylate and one or more plastjcizers such as polyethylene glycol, 
polypropylene glycol, polybutanediol formal, phthalic esters, ethylene-vinyl 
acetate copolymers and montan ester waxes. 

Suitable polyacetal binders are, for example, polyoxymethylene which ad- 
vantageously has a molecular weight of from 10,000 to 500,000. Apart 
from homo polymers of formaldehyde or trioxanc, other suitable binders arc 
copolymers of trioxane with, for example, cyclic emers such as ethylene 
oxide and 1.3-dioxolane or formals such as 1 ,3-dioxepane, 1,3-dioxane, or 
mixtures thereof, or bonuopolymeric poly-l,3~diaxolane, poly-1 ,3-dioxane, or 
poly- 1 ,3-dioxepane, with the amounts of the copolymers generally being 
from 10 to 30 % by weight of the polymers. 

In addition, they can contain auxiliaries such as thermoplastic binders such 
as polyethylene, poiymethyl mcvliacrylate or poiyccoyleris oxide end disper- 
sants or lubricants such as polyethylene glycol, stearic acid, fatty alcohols, 
polyvinylpyrrolidine or polyvinyl alcohol. The amount of auxiliaries is 
generally from 0.1 to 12 % by weight of the total mass. 

Suitable components C) are dispersants as are known from EP-A-444 475, 
for example organic carboxylic acids, amines, amides or maleimides, stearic 
acid, polyvinylpyrrolidone, polyvinyl alcohol, polyethylene glycol, polypropy- 
lene glycol, polyethylene oxide and montan waxes, preferably orgajuc 
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carboxylic acids, amines, amides or maleimides, polyethylene glycol and 
polyethylene oxide, particularly preferably organic carboxylic acids, amines, 
maleimides, polyethylene glycol and polyethylene oxide. 

The mixtures used for producing (mixing together) the catalyst supports or 
catalysts of the present invention generally comprise or consist of from 15 
to 70 % by weight, preferably from 30 to 70 % by weight, particularly 
preferably from 50 to 65 % by weight, of component A), from 30 to 85 
% by weight, preferably from 30 to 70 % by weight, particularly prefera- 
bly from 35 to 50 % by weight, of component B) and from 0 to 15 % by 
weight, preferably from 1 to 12 % by weight, particularly preferably from 
2 to 8 % by weight, of component C). 

Suitable support materials are ceramic, metallic or organic powders of A I, 
H and IV. 

In the case of the unsupported catalyst, the active components can be used 
directly as powder or in the case of supported catalysis they can be applied . 
to the inorganic powder I), the metallic powder II), the organic powder IV) 
or mixtures thereof, or subsequently to the support material, or can be 
compounded together with the support material. 

Furthermore, inorganic or organic fibers or whiskers of, for example, 
Al 2 03, SiQz, SiC, Si 3 N 4 , C or mixtures thereof can be added to the 
compositions. 

In the preparative process of the present invention, the components A) are 
generally deagglomerated with the aid of a dispersant C) and the thus 
uniformly sized starting powder particles arc incorporated at a comparatively 
high component A) content into an organic binder [component B)]. The 
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organic binder fills the generally almost uniformly sized and regularly 
arranged interstitial spaces between the powder particles. The rnacroporcs in 
the range around 100 /xtn present in the starting powder of the component 
A) as a result of agglomerate formation are generally eliminated by the 
deagglomeration. Removal of the organic binder and the organic dispersant 
leaves, when powders having a narrow monomodal panicle size distribution 
axe used, very uniformly sized pores between the powder panicles. In 
general, the mean pore diameter is 25 % of the mean particle diameter of 
the powder used (see table [unit: dm/kg]). When using powders having a 
polymodal particle size distribution or when using porous powders, polymo- 
dal (bimodal, trimodal, tetramodal or higher-modal) pore distributions can 
also be produced, with the pore size being determined by the interstitial 
spaces between the powder particles and by the internal porosity of the 
powder particles. 

The catalysts of the present invention can be heterogeneous supported 
catalysts or unsupported catalysts. Unsupported catalysts consist of catalyti- 
cally active material. Supported catalysts can be produced by coating inert 
porous ceramic or metallic catalyst supports with cataJytically acuve compo- 
nents or precursors of catalytically active components by steeping, impregna- 
tion, spray impregnation, spray drying, precipitating on, bicoating, washcoa- 
ting. .' ' V - 

Thus, the invention also relates to a monomodal or polymodal catalyst 
support or catalyst, obtainable by shaping a mixture of 

A) from 15 to 70 % by volume of 

I) an inorganic powder selected from the group of oxides, nitri- 
des, carbides, silicates, aluminosilicates of the elements beryili- 
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um, magnesium, calcium, strontium, barium, boron, aluminum, 
gallium, indium, thallium, silicon, germanium, tin, lead, anti- 
mony, selenium, tellurium, polonium, astatine, iron, cobalt, 
nickel, ruthenium, rhodium, palladium, osmium, iridium, 
platinum, copper, silver, gold, zinc, cadmium, mercury, scan- 
dium, yttrium, lanthanum, actinium, titanium, zirconium, hafni- 
um, vaiiadinium, niobium, tantalum, chromium, molybdenum, 
tungsten, manganese, technetium, rhenium, cerium, praseodymi- 
um or mixtures thereof and/or 

jj) a metallic powder selected from among metals and alloys of 
the elements boron, aluminum, gallium, indium, thallium, 
silicon, germanium, tin, lead, antimony, selenium, tellurium, 
polonium, neodymium, samarium, dysprosium, astatine, iron, 
cobalt, Rancy cobalt, nickel, Raney nickel, ruthenium, rhodi- 
um, palladium, osmium, iridium, platinum, copper, silver, 
gold, zinc, cadmium, mercury, scandium, yttrium, lanthanum, 
actinium, titanium, zirconium, hafnium, vanadinium, niobium, 
tantalum, chromium, molybdenum, tungsten, manganese, tech- 
netium, rhenium, cerium, praseodymium, WC, TiC, TaC, VC 
or mixtures thereof, WC-cobalt, TiC-cobalt, TaC^cobalt, VC- 
cobalt or mixtures thereof and also carbon and/or 

m) an active component selected from the group of the inorganic 
acids, the metals selected from among lithium, sodium, potas- 
sium, rubidium, cesium, franc ium, beryllium, magnesium, 
calcium, strontium, barium, boron, aluminum, gallium, indium, 
thallium, silicon, germanium, tin, lead, arsenic, antimony, 
bismuth, selenium, tellurium, polonium, astatine, iron, cobalt, 
Raney cobalt, nickel, Rancy nickel, ruthenium, rhodium, 



J 
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palladium, osmium, iridium, platinum, copper, silver, gold, 
zinc, cadmium, mercury, scandium, yttrium, lanthanum, actini- 
um, titanium, zirconium, hafnium, vanadinium, niobium, tanta- 
lum, chromium, molybdenum, tungsten, manganese, techneti- 
um, rhenium, cerium, praseodymium, inixtures thereof, or 
their borates, carbonates, silicates, nitrates, phosphates, arsena- 
tes, antimonates, bismuthates, sulfates, sele nates, tellurites, 
vanadates, molybdates, niobates, chro mates, oxides, hydroxides, 
halides, sulfides, selenides, tellurides, nitrides, phosphides, 
arsenides, acetates, acetylacetonates, palladates, platinates, 
cyanides, thiocyanates, manganates, rheaates, osmatcs, carbi- 
des, silicides, bo rides, their ammonium compounds or tbeir 
mixturcs and/or 

TV) an organic powder selected from the grcup Teflon or polyimi- 
de 

B) from 30 to 85 % by volume of a polyethylene or polypropylene 
polymer or of a copolymer of ethylene, propylene, 1-butene or 
isobutene or of a polystyrene copolymer or of a polym ethyl metha- 
crylate copolymer or of a polyethylene oxide copolymer or of an 
ethylene-vinyl acetate copolymer or of a mixture of 

Bj) from 50 to 100 % by weight of a polycxymethylene homopo- 
lymer or copolymer and 

B2) from 0 to 50 % by weight of a polymer homogeneously dis- 
solved in B^ or dispersed in B^ at a mean particle size of 
less than 1 p.m and 

C) from 0 to 15 % by volume of a dispersanf, 
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removing the binder by pyrolysis at from 300 to 600 °C and subsequent 
prcsintering at from 600 to 14O0°C and, if desired, applying active 
components m to the component A) or to the presintered composition 
by single or multiple steeping, impregnation, spray impregnation, preci- 
pitating on, hicoatirjg, washcoating or spray drying, wherein the catalyst 
support or catalyst after the pyrolytic removal of the binder has a BET 
specific surface area of from 0.01 to 250 m 2 /g and a pore size dis- 
tribution of from 50 to 300,000 nm measured by the mercury pressure 
porosimetry method. 

The catalyst supports or catalysts of the present invention are, in general, 
suitable for use in: 



reductions (hydrogenarions), for example: 

hydrogenation of alkynes, for example the selective hydrogenation of 
acetylene in t^, C 3 , C 4 mixtures, the selective hydrogenation of vinyla- 
cerylenes in C 4 fractions and the hydrogenation of butynediol to give 
butenediol or butanediol, the hydrogenation of alkenes, for example the 
hydrogenation of unsaturated compounds in the oxo process, aminarive 
hydrogenation, hydrogenation of aromatics, diolefin hydrogenation such 
as the hydrogenation of diolefins in pyrolysis gasoline, fat hydrogena- 
tion, hydrogenative desulfurization such as the hydrogenation of in- 
organic sulfur compounds, eg. COS, CS^ SO, and S x , to give hydro- 
gen sulfide, hydrogenative refining of aromatics or paraffins, the hydro- 
genation of organic chlorine compounds, the hydrogenation of aldehy- 
des, carboxylic acids, carboxylic esters, ketones, nitriles, nitro com- 
pounds, oximes and oxo products, for example the reduction of nitro- 
benzene to give aniline, the hydrogenation of carbonyl groups and 
aromatics, eg. for producing white oil, the hydrogenation of trimethyl- 
quinone to give trimethylhydroquinone, the hydrogenation of adiponitrile 
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to give hexamethylenediamine, acrylonitrile, NH 3 and the hydrogenation 
of adipic acid to give hexanediol, the hydrogenation of cyclohcxyl 
hydroperoxide to give cydohexanol, the hydrogenation of citraj to give 
citronellal, the preparation of lilial from debydrolilial, the removal of 
NO x from waste gases by reduction with ammonia or alkanes and the 
preparation of alkanes, olefins, alcohols, aJdehydes and/or carboxylic 
acids from synthesis gas, ihe hydrogenation of adiponitriJe to give 
aminocapronitxile, the aminative hydrogenation of adipic acid to give 
aminocaproni trile ; 

oxidations (dehydrogenations), for example: 

oxidations of alkanes such as the dehydrogenation of ethylbenzene to 
give styrene or of dimethylcyclohexylamine to give 2, 6-dimethyl aniline, 
of alkenes, of alcohols, for example the dehydrogenation of cycloh- 
exanol to give cyclohexanone and the preparation of ethylhexanoic acid 
and etbylbexanal from etbylhexenol, ammonoxidation such as the prepa- 
ration of hydrogen cyanide from methane or of o-xylene to give phtha- 
lodinitrile, of aromatics, epoxidation, oxidative balogenation, oxidative 
coupling, oxidation of hydrogen sulfide -containing gases to sulfur by the 
Claus process, the preparation of vinyl chloride by the oxychlorination 
process (Stauffer process), the oxidation of hydrogen sulfide arid/or 
organic sulfur compounds to sulfur dioxide*, the preparation of sulfuric 
acid by the contact process from S0 2 -containing gases, the preparation 
of phthalic anhydride from o-xylene and air, the catalytic combustion 
of hydrocarbons, solvents or CO^ntaminated waste gas, the prepara- 
tion of ethylene dichloride by oxychlorination of ethylene, the oxidation 
of propene to give acrylic acid, the preparation of methacrylic acid 
from methacTolein, the preparation of methacrylic acid from iscbutyric 
acid, the dehydrogenation of DMCHA to give xylidine and the dehy- 
drogenation of a-imethylcyclohexenone to give trimethylphenol, the 
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oxidation of ethylene to ethylene oxide, the oxidation of butadiene to 
furan, the oxidation of propene to acrolein, the oxidation of acrolein to 
acrylic acid, the oxidation of metbacrolein to m etna cry lie acid; 

acid- or base-catajyzed reactions, for example: 

allcoxylaiions, eg. of ethylene oxide or propylene oxide, deaikoxylations, 
eg. of N-vinylformamide from a-methoxyethylfonnamide, alky lations, 
acylations, hydrations, dehydrations, eg. of aziridine from ethanolamine 
or of hydrocyanic acid from formamide, animations, aldol reactions, 
oligomerizations, polymerizations, polymer-analogous reactions, cycliza- 
tions, isomerizations, esterifi cations, cracking of gaseous hydrocarbons, 
eg. of natural gas using steam and possibly C0 2 , the oxidation of 
propene to acrolein, elimination reactions such as N-formyl alanine nirxile 
to give N-vinylform amide, additions such as methanol or propyne to 
ot-methoxy groups. 

Also suitable are macro porous supports having a pore size from 100 to 
10,000 run for removing combustion residues (soot) from diesel exhausts and 
for bioreactors in combination with the use of bacteria (from 1 to 2 jim). 

The catalyst supports or catalysts produced by the process of the present 
invention have comparatively high mechanical strengths and are therefore 
particularly suitable for fluidized bed reactions. 

Fluidized bed reactions can be used, for example, for the rearrangement of 
cyclohexanoneoxime co give e-caprolactam, the ammonoxidations of, for 
example, toluene to give benzonitriic or of propene to give acrylonitrile, the 
preparation of maieic anhydride from butcne or the preparation of aniline 
from nitrobenzene. 
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Thus, the present invention also relates to a method of preparing chlorirje 
from hydrogen chJoride in a non-steady-state Deacon process by using the 
raonomodal or polymodal catalyst support or catalyst, a method of reacting 
ethyl benzine to give styrene in a oon-steady-state oxydehydrogenation by 
using the mooomcdal or polymodal catalyst support or catalyst, a method of 
preparing aziridine form ethanol amine by using the monomodai or polymo- 
dal catalyst support or catalyst, a method of reaction trimethyl cyclobexenon 
to give rrimethylpoenol by using the monomodai or polymodal catalyst 
support or catalyst, a method of reduction by using the monomodai or 
polymodal catalyst support or catalyst, a method of hydrogenating by using 
the monomodai or polymodal catalyst support or catalyst, a method of 
oxidizing by using the monomodai or polymodal catalyst support or catalyst, 
a method of dehydrogenating by using the mononiodal or polymodal catalyst 
support or catalyst, a method o^ carrying out acid- or base-catalyzed reac- 
tions by. using thr monomodai or polymodai catalyst support or catalyst, a 
method of carrying out fiuidized bed by using the monomodai or polymodal 
catalyst support or catalyst, a method of removing combustion residues from 
diesel exhaust gases by using the monomodai or polymodal catalyst support 
or catalyst, a method of removing NO x from waste gases by using the 
monomodai or polymodai catalyst support or catalyst, a method of carrying 
out reactions in bio reactors in the presence of bacteria by using the mono- 
modal or polyroodal cataiyst support or catalyst, arid a msthod of carrying 
out reactions in the presence of a biocatalyst by using the monomodai or 
polymodal catalyst support as a catalyst support with immobilized enzymes 
or microbes. 

The invention also relates to 

a method of preparing chlorine from hydrogen chloride in a non-steady- 
state Deacon process by using the monomodai or polymodal catalyst 
support or catalyst. 
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a method of reacting ethyl benzene to give styrene in a non-steady-state 
oxy debydrogc nation by using the monomodal or polymodal catalyst 
support or catalyst, 

a method of preparing aziridine form ethanol amine by using the mono- 
modal or polymodal catalyst support or catalyst, 

a method of reacting aim ethyl cyclobexenon to give trirnethylphenol by 
using the monomodal or polymodal catalyst support or catalyst, 
a method of reducing by using the monomodal or polymodal catalyst 
support or catalyst, 

a method of hydrogens ting by using the monomodal or polymodal 
catalyst support or catalyst, 

a method of oxidizing by using the monomodal or polymodal catalyst 
support or catalyst, 

a method of dchydrog enating by using the monomodal or polymodal 
catalyst support or catalyst, 

a method of carrying out acid- or base-catalyzed reactions by using the 
monomodal or polymodal catalyst support or catalyst, 
a method of carrying out fluidized bed reactions by using the monomo- 
dal or polymodal catalyst support or catalyst, 

a method of removing combustion residues from diesel exhaust gases 
by using the monomodal or polymodal catalyst support or catalyst, 
a method of removing NO x from waste gases by using the monomodal 
or polymodal catalyst support or catalyst, 

a method of carrying out reactions in bio reactors in the presence of 
bacteria by using the monomodal or polymodal catalyst support or 
catalyst, 

a method of carrying out reactions in the presence of a biocatalyst by 
using the monomodal or polymodal catalyst support as a catalyst sup- 
port with immobilized enzymes or microbes. 
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In the above, the catalyst support or catalyst referred to is the catalyst 
support or catalyst of the present invention. 

EXAMPLES 

Example I 

The ceramic powder 1 from Table I was kneaded at 180°C with a binder 
based on polyacetal, comprising . a polyoxymetbylene copolymer (POM/PBDF) 
of trioxane and 2.5 % . by weight of butanediol formal having an average- 
molecular weight of 150,000, and .wilh 20 % by weight of poly butanediol 
formal having a molecular weight of 50,000 and 5 % by weight (based on 
the. powder used) of polyethylene glycol having a molecular weight of 800 
as auxiliary, extruded at 180°C to give extra dates having a diameter of 4 
mm which were pyroiyzed at 600 °£ for 1 hour. under N 2 and then pres.-.. 
intered at various temperatures in air in a muffle furnace. The process 
parameters are shown in Table n, the pore radius distributions and further 
properties of the exrrudates are shown in Tables IHa and b. 



Example 2 - ';' , 

The ceramic powder 2 from Table I was compounded at 220 °C in a 
double-sigma kneader with addition of polyethylene having a molecular 
weight of 150,000 and a density of 0.95 g/ml and polyethylene oxide 
having a molecular weight of 400. The feedstock was granulated via a 
discharge screw. The granules were pyrolyzed at 600 °C for 1 hour under 
and then presintered in air at 800 °C for 2 hours in a muffle furnace. 
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The process parameters arc shown in Table EI, the pore radius distributions 
and further properties of the extrudates are shown in Tables Ilia and b. 

Example 3 

The ceramic powder 3 from Table I was compounded at 200 °C in a 
double-sigma kneader with addition of polystyrene having a molecular weight 
of 100,000 and a density of 1.04 g/mi and polyethylene oxide having a 
molecular weight of 400. The feedstock was granulated via a discharge 
screw. The granules were pyrolyzed at 500°C for 0_5 hour under N 2 and 
--then presintered at 800°C for 0.5 hour under 50 Uh of ai" in a rotary tube 
furnace. The process parameters are shown in Table H, the pore radius 
distributions *nH further properties of the extrudates are shown in Tables 
ma and b. 

Example 4 

The ceramic powder 4 from Table I was compounded at 200 °C in a 
double-sigma kneader with 90 % by weight of Si3N 4 (HC STARCK, LCI 2) 
and 5% by weight of Y 2 0 3 (HC STARCK, grade fine) and 5% by weight 
of A1 2 0 3 (ALCOA, CT3000SG) with addition of polymethyl methacrylate 
having a molecular weight of 150,000 and a density of 1.17 g/rnl and 
polyethylene oxide having a molecular weight of 400. The feedstock was 
granulated via a discharge screw. The granules were pyrolyzed at 600 °C for 
1 hour under N 2 and then presintered in air at 600° C for 2 hours in a 
muffle furnace. The process parameters are shown in Table II , the pore 
radius distributions and further properties of the extrudates are shown in 
Tables Ilia and b. 
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Example 5 

The ceramic powder 5 from Table I was kneaded at 180°C with a binder 
based on polyacetaj, comprising a polyoxy methylene copolymer (POM/PBDF) 
of crioxane and 2.5 % by weight of butanediol formal having an average 
molecular weight of 150,000, and with 20 % by weight of poly butanediol 
formal having a molecular weight of 50,000 and 5 % by weight (based on 
the powder used) of polyethylene glycol having a molecular weight of 800 
as auxiliary, extruded at 180°C to give extrudates having a diameter of 4 
mm which were pyrolyzed at 600 °C under N 2 and then presmtered at 
800 °C for 2 hours in a muffle furnace. The process parameters arc- shown 
in Table II, the pore radius distributions and further properties of the 
extrudates are shown in Tables Ida and b. 

Example 6 

The ceramic powder 6 from Table I was kneaded at 180°C with a binder 
based on polyacetal, comprising a polyoxymethylene copolymer (POM/PBDF) 
of trioxane and 2.5 %. by weight of butanediol formal having an average 
molecular weight of 150,000, and with 20 % by weight of polybutanediol 
formal having a molecular weight of 50,000 and 5 % by weight (based on 
the powder used) of polyethylene giycol having a molecular weight of 800 
as auxiliary, extruded at 1S0*C to give extrudates having a diameter of 4 
mm which were first pyrolyzed under nitrogen at 600°C for 1 hour in a 
muffle furnace and then presintered in air at 1100 "C for 2 hours. The 
process parameters are shown in Table II, the pore radius distributions and 
further properties of the extrudates are shown in Tables Ilia and b. 
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Example 7 

The ceramic powder 7 from Table I having a bimodal particle size dis- 
tribution with maxima at 1 jim was kneaded at 180°C with a binder based 
on polyacetal, comprising a polyoxymethylcne copolymer (POM/PBDF) of 
trioxanc and 2.5 % by weight of butanediol formal having an average 
molecular weight of 150,000, and with 20 % by weight of poly butanediol 
formal having a molecular weight of 50,000 and 5 % by weight (based on 
the powder used) of polyethylene glycol having a molecular weight of 800 
as auxiliary, extruded at 180*C to give extrudates having a diameter of 4 
mm which were pyrolyzed under nitrogen at 600 °C for 1 hour in a muffle 
furnace and then presintered in air at S00°C for 2 hours. The process 
parameters are shown in Table II , the pore radius distributions and further 
properties of the extrudates are shown in Tables Ufa and b. 

Example 8 

The ceramic powder 8 from Table I having a bimodal particle size dis- 
tribution with maxima at 1 pm was kneaded at 180°C with a binder based 
on polyacetal, comprising a polyoxymethylene copolymer (POM/PBDF) of 
trioxane and 2.5 % by weight of butanediol formal having an average 
molecular weight of 150,000, and with 20 % by weight of poly butanediol 
formal having a molecular weight of 50,000 and 3 % by weight (based on 
the powder used) of polyethylene glycol having a molecular weight of 800 
as auxiliary. The cooled product was granulated in a cutter mill. The 
granules were pyrolyzed under nitrogen at 600 °C for 1 hour and then 
presintered in air at 1100°C for 2 hours. The process parameters are shown 
in Table II, the pore radius distributions and further properties of the 
extrudates are shown in Tables Ilia and b. 
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Table I 



Ha. 



Pow- 
der 



Pes- 
crip- 



Pow- 
der 

corn- 
ed 



Am- 
ount 
of 
pow- 
der 



Polya- 



P 

B 
D 
F 



PE 



P 
M 
M 



PS 



PEG 



P 
£ 
O 



No. 



voi.% 



UJ 



Is] 



AljOj 



A1;0 3 



AJ.03 



90% 



5% 



ALCOA 
CT3000- 
SG 



56 



1000 



162 



41 



ALCOA 
CT300O- 
SO 



36 



1000 



169 



ALCOA 

enooo- 

SG 



56 



1000 



i«3 



HC 
ST ARC X 

LCI 2 



50 



900 



334 



HC 
5TARCK 
grade trie 



50 



50 



20 



20 



20 



5* 

A1 3 0, 



ALCOA 
CT3000- 
SG 



50 



ZrC^ 



TOSOH 
TZ-3YS 



30 



1000. 



127 



32 



6 AljO, 



ALCOA 

craooo- 

SG 



AkO, 



ALCOA 
tabular 



Norton. 
FCP13N- 
LC 



56 



1000 



162 41 



50 



1000 



IS 



49 



1000 



295 



74 



50 



50 



50 



50 



Polyaceol = Copolymer oi ixioxifle and 2.5ft of butanetUi formal, molecular ~e»gnt tau.wW 
PBDF » Porybunnediol fonrul, molecular weight 50.000 
PE - Polyethylene, molecular weigh 1 50. COO, d-0.93t/mJ 

PMMA - Polymethyl meducryla*. molecular weight ISO.CrO. d-1.17g/mi. Lucryl G88 UVl 

Polystyrene, mo 1 ecu tar weijht 100.000, d- 1.04 g /mi, 168N [BASF] 
PEG - Polyethylene glycol, molecuUi weigh S00 
PEO - Polyethylene oxide, molecular weiaht 400 
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Comparative Example A 

586 g of Si 3 N 4 (HC STARCK, LC12) were kneaded for 35 minutes with 
32 g of Y 2 0 3 (HC STARCK, grade fine), 32 g of a>Al 2 0 3 (ALCOA, 
CT3000SG), 150 g of H 2 0 and 48 g of HN0 3 and extruded at from 45 
to 150 °C to give 4 mm extra da tes. 

The extrudates were calcined in air for 2 hours at 600, 800 and 1100°C. 
During calcination, the extrudates disintegrated into powder (cutting hard- 
ness = 0 kg). 

Comparative Example B 

The commercial a-Ai 2 0 3 catalyst support SPH512 .from Rhone Poulenc 
has. at a comparative BET, of 5.4 nrVg and a total pore volume (TPV) 
of 0.51 ml/g, a significantly broader pore distribution (see Pig... .9) than ,_ 
the AJ 2 0 3 catalyst support CT3000SG from ALCOA used according to the 
present invention and shown in Table HI a and mb, Example No. lb and 
Fig. lb. 

Comparative Example C 

After conventional kneading and extruding, the Zr0 2 support has a lower 
hardness. 

300 g of 2r0 2 Powder (starting material from Example 5) from TOSOH, 
TZ-3YS, and 9g of extrusion aid were admixed with 31 ml of water, 
densified in a kneader for 2.5 hours and subsequently shaped in an ex- 
truder to give 3 mm solid extrudates. The extrudates were dried for 2 
hours at 120°C and subsequently calcined in air for 2 hours at 800°C 
(same calcination temperature as in Example 5). 
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The following properties were measured on the solid extrudates: 



Example 


C 


5 


Cncdng hardness [kg] 


0.6 


2.4 


BET surface area [m 2 /g] 


5.8 


5.8 


Water abwrprion [mllg] 


0.22 


0.22 


Tamped density [g/ml] 


1.455 


1.543 



Comparative Example D 

Lower hardness of a conventional Zr0 2 support even at high calcination 
temperatures. 



100 % of high-surface-area Zr(OH) 4 (BET: 310m 2 /g) were admixed with 
3 g of extrusion auxiliary and 45 ml of water and dens if ed for 1.5 
hours in a kneader. Attempts to shape this ZrC^ support by extrusion 
were unsuccessful, since the extrudates disintegrated back into powder on 
drying (cutting hardness = 0 kg). Therefore, the unextruded kneaded 
composition was calcined for 2 hours at 500°C. The BET surface area of 
the powder after calcination at 500°C was 69.8 Calcination for 2 

hours at 800°C gave a BET suface of 11.2 nr^/g. 

Example No. 9 (non-steady-state Deacon process) 

Catalyst 1 

Cu-K-Fe-Na on Si 3 N 4 support 
Production of Si 3 N 4 support 
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900 g of Si 3 N 4 (HC STARGK; LC12) were Jcaeaded at 180°C with 50 g 
of Y 2 0 3 (HC STARCK; grade fine) and 50 g of A1 2 0 3 (ALCOA; 
CT3000SG) together with a binder based on polyacetal, comprising 276 g 
of polyoxymethylene copolymer (POM/PBDF) of trioxane and 2.5 % by 
weight of butanediol formaj having an average molecular weight of 
150,000, and with 69 g of polytutanediol formal having a molecular 
weight of 50,000 and 50 g of polyethylene glycol having a molecular 
weight of 800 as auxiliary, granulated and pyrolyzed at 600°C for 2 
hours under N 2 in a muffle furnace and pre -sintered at 1000°C for 2 ; 
hours. This gave an Si 3 N 4 support having a BET surface area of 22.3 
m 2 /£ and a water absorption of 0.608ml/g. 

Impregnation of S^N^ support 

111.5 g of Si 3 N 4 granules were impregnated twice with 67.8 ml each 
time of a solution of 7.06 g of CuCl 2 -2KO, 5.58 g of KCi, 5.58 g 'of 
NaCl and 9.29 g of FeCl 3 - 6 H 2 0 dissolved in distilled waicr (total solu- 
tion 135.6 ml), dried for 16 hours at 120°C (after each impregnation 
step) and calcined for 3 hours at 450°C. This gave brown granules ha- 
ving a BET surface area of 9.93 nrVg. The tamped density was 0.978 
g/ml (0.5 to 1 mm grain size). 

Further impregnation with an F=Cl 3 -NaCl solution 

25 g of the previously impregnated Si^ support were impregnated once 
with a solution of 1.39 g of NaCl and 2.21 g of FeCl 3 -6IiO in 15.9 
ml of water, dried for 16 hours at 120°C and calcined for 3 hours at 
450°C. The tamped density of the catalyst was 

0.995 g/mi-(0.-5 to 1 mm grain size). The catalyst contained 1.8 % by 
weight of copper and 3 % by weight of iron. 



j 
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Catalyst 2 

Cu-K-Fc-Na on Si 3 N 4 support 
Production of the Si 3 N 4 support 

1000 g of SiC (H.C.STARCK; UP15) were kneaded at 180°C with a 
binder based on polyacetal, comprising 281 g of polyoxymethylene copoly- 
mer (POM/PBDF) of trioxane and 2.5 % by weight of butanediol formal 
having an average molecular weight of 150,000, and with 70 g of poly- 
butanediol formal having a molecular weight of 50,000 and 50 g of poly- 
ethylene glycol having a molecular weight of 800 as auxiliary, melted on 
a roll mill to a 0.5 mm thick sheet, broken up into platelets and these 
were pyrolyzed and presintered at 600 °C for 2 hours under N 2 in a rota- 
ry tube furnace. This gave an SiC support haying a BET surface area of 
22.3 m 2 /g and a water absorption of 0.35 ml/g. 

Impregnation of the SiC support 

150 g of SiC platelets were impregnated twice with 53 ml each time of 
a solution of 23.7 g of CuCl 2 -2HO, 10.38 g of KC1, 42.78 g of 
FeCl 3 -6H 2 Oand 9.26 g of NaCl dissolved in distilled water (total solu- 
tion 106 ml), dried for 16 hours at 120 °C (after each impregnation step) 
and calcined for 3 hours at 450° C. 

Further impregnation with an FeCl 3 -NaCl solution 

70 g of the previously impregnated SiC platelets were impregnated once 
with 22 ml of a solution of 3.92 g of NaCl and 18.22 g of FeCV6H 2 0 
dissolved in distilled water (total solution 25 ml), dried for 16 hours at 
120°C and calcined for 3 hours at 450°C. This gave reddish brown pla- 
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telets containing 3.3 % by weight of copper and 7.8 % by weight of 
iron. 

General procedure for the non-steady- state preparation of chlorine 

A healed tube reactor having a 20 mJ fixed bed of catalyst was charged 
with a size fraction of 0.5-1 mm. After the loading phase using a dry 
HC1 stream and a subsequent flushing phase using inert gas (N^ or C0 2 ), 
regeneration (dechlorination) was carried out using air or pure oxygen. 
This cycle was repeated. 

The HC1 concentration and the chlorine concentration were measured con- 
tinuously at high time resolution using on-line JR analysis and on-line UY 
analysis respectively. The integrated amount of chlurine' liberated during 
dechlorination could, for checking purposes, be additionally determined by 
wet chemical methods ( iod o metrically ) . 



The results are summarized in Tables 1 and 2. 
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Comparative Example E [non-steady-state Deacon process! 
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Comparative catalyst 
(Cu-Fe-K on A1 2 0 3 support) 

200 g of AJ 2 0 3 (Pural SCF rings) were impregnated with 92 ml of a 
solution of 32.16g of CuCl2-2H 2 Q 58g of FeCl 3 *6H 2 Q 30g of KC1 
and 114mJ of water (water absorption = 0.46 ml/g), dried for 16 hours 
at 120 °C, calcined for 3 hours at 450 °C and subsequently impregnated 
with the remaining 85 ml of solution, dried for 16 hours at 120°C and 
calcined for 3 hours at 450 °C. The comparative catalyst C contained 3.8 
% by weight of Cu and 4.5 % by weight of Fe; 
tamped density: 0.974 gJmX (0.5-1 mm grain size); . 
BET surface area: 68.6 nr/g. 

An attempt to impregnate the catalyst for a third time resulted in it dis- 
integrating. 

Cu-Fe-K on A1 2 0 3 support 

Using a method similar to the general procedure for the non- steady-state 
preparation of chlorine of Examples 1 to 3, the comparative catalyst Cu- 
Fe-K on A1 2 0 3 was loaded at 365 °C and HC1 gas flows from 4 to 5 
standard 1/h containing 25 % of HC1 (the support did not withstand hig- 
her HC1 concentrations) at an HC1 breakthrough time of from 10 to 14 
minutes. The dechlorination was carried out using 20 standard ]fh of air 
at a regeneration temperature of 365 °C at dechlorination times of 60 mi- 
nutes and an integrated amount of chlorine of 0.9 g, which corresponded 
to a space-time yield of 34 kg chlorine/t cat-h. 
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If the dechlorination was carried out using 20 standard 1/h of air at a 
regeneration temperature of 380 °C, dechlorination times of 35 minutes and 
an integrated amount of chlorine of 0.7 g were found, corresponding to a 
space-time yield of 38 kg chlorine/t cat-n. 

At a reactor temperature of 400 "C during loading and dechlorination, a 
maximum chlorine concentration of 8 % by volume of CJj and a mean 
chlorine concentration of 4 % by volume of Clj at dechlorination times 
(to < 2 % by volume of chlorine) of 25 minutes were obtained. The 
integrated amount of chlorine liberated was 1 g. The max imum measured 
space-time yield was 40 kg chlorine/t cat-h. 

4. Brief Explanation of the Drawings t . 



Figures 1 to 9 are diagrams showing the pore volume distributions of several 
Examples in accordance with Tabic II. The pore volumes are determined by the 
amount of liquid mercury intruded Into the sample under certain standard conditions. 
The measurement is made in accordance with DIN (German Industrial Standard) 66.133 
using an Autopore n 9220 V3.03 device (sec TabJe EfTb). Tbe pore volume is 
measured with iocieasing pressure, wherein the mercury intrudej into pores of higher 
sizes under lower pressure and intD those of decreasing sizes under incrcaaio? prcssu- 
re. The pore diameter in micrometers is converted according to » standard formula 
from the preaaure amount. The ordinate axis of the diagram shows the amount- of 
mercury in mi intruded per g of sample at each pore diameter increment (Incremental 
intrusion). 
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-* Abstract 

/ i l Monomodal or polymodal catalyst supports or catalysis having a BET specific 

surface area of from 0.01 to 250 nrVg and a mooomodal or polymodal pore 
size distribution having a mean pore diameter of from 50 to 300,000 nm 
measured by the mercury pressure porosimetry method, wherein 

a) from 10 to 95 % of the pore volume is at from 0.2 to 100 rimes the 
mean pore diameter and/or 

b) from 10 to 80 % of the pore volume is at from 0.8 to 100 nines the 
mean pore diameter and/or 

c) from 50 to 95 % of the pore volume is at from 0.2 to 1 times the mean 
pore diameter and/or 

d) frciQ 50 to 80 % of the pore volume is at from 0.8 to 1 times the mean 
pore diameter and 

e) the width at half height of the pore size distribution is less than 0.6 times 
the mean pore diameter. - 



